ABSTRACT
INTRODUCTION
Architecture presents a unique challenge in the field of sustainability. Construction projects typically consume vast amounts of materials, produce tons of waste, and require lots of energy for heating and cooling. In the United States, buildings consume 73% of all the electricity; 40% of raw material, 13.6% of all potable water and produce 38% of all carbon dioxide emissions (USGBC 2011) . Given the magnitude of effects that the building industry has on environmental quality, utilizing sustainable design philosophy decisions at each phase of a design process will reduce negative impacts on the environment and provide a healthy workspace of occupants, without compromising the bottom line (GSA) It is our contention that in architecture this notion of sustainability be applicable to buildings of every kind albeit retrofit, new, tall and small structures, corporate office or humble residence. Moreover, this notion of sustainability should be irrespective of cost, design, process or implementation. There are several ways of targeting sustainability in buildings, for example, through a pragmatic approach and well-managed processes (L. C. Williams 2010) . Sustainability is affected, among other issues, by site, density, climate, construction practices and cultural factors. For the purpose of this paper, we take a conventional approach, that is, we resort to an authority such as LEED (Leadership in Energy, and Environmental Design), BREEAM (Building Research Establishment's Environmental Assessment Method), or an appropriate sustainable building rating system in certifying a building as sustainable (Cole 1999 , Gissen 2003 . In order to ensure that new buildings can be certified as sustainable, it is essential to take appropriate steps to automate the process of gathering the information necessary for assessment and pre-certification.
Digital design technologies are almost universally adopted as the predominant means of production in current architectural practice (Kotnik 2010) . Design documentation, essentially based on paper and ink, is produced by a computer-aided design (CAD) application to create drawings, which are either physically printed or digitally reproduced, as a series of individual files with no inherent intelligence (Krygiel and Bradley 2008) . Design tools such as building information models (BIM) have paved the way for developing, storing, and updating design data (Krygiel and Bradley 2008) . According to the National BIM Standard Project Committee, a "Building Information Model is a digital representation of physical and functional characteristics of a facility; a shared knowledge resource for information about a facility forming" (Smith and Edgar 2008) . Additionally, these digital design tools offer possibilities of utilizing the data throughout the design process. Computation of available data allows for query, design, and pre-evaluation of requirements, and for the generation of required forms for final evaluation. It is also our contention that in order to promote the practice of sustainability at a larger scale, technology available through commercial design tools should be utilized to a much greater extent in order to alleviate the costs of design, evaluation and submission.
In order to facilitate a process where computer aided design for green buildings is both feasible and accessible, it is essential to be able to identify, and represent, building elements, building objects and their parameters whose informational needs are required in the evaluation of the performance of a design from the standpoint of sustainability. For example, computational methods for energy, lighting, and airflow simulation were established long before the emergence of building information models. It is likely that these performance analyses tools will be embedded in future versions of primary BIM tools (Eastman et al. 2008) . However, much of the work, apart from performance simulations, required for rating system certification is ordinarily carried out manually with information stored disparately. This process becomes cumbersome for designs, which are stored in traditional CAD formats where, for instance, information relating to building geometry cannot be readily accessed. The survey by Wu and Issa (2010) shows that in present-day green building design efforts current BIM solutions facilitate communication, information exchange and submission submittals.
In this regard, we have developed a framework by which to organize requirements for sustainable building rating systems. To demonstrate this framework we have developed proof-of-concept prototypes, which integrate requirements with design information. This has enabled us to develop a general approach of using information from commercial BIM software for sustainability assessment. There are four steps in the development:
• Exploring sustainability rating systems and their informational needs
• Identifying and organizing building information for query
• Providing necessary information and conduct assessments that can be used to guide user towards pre-certification
• Creating submission ready templates for evaluation
BACKGROUND

Design tools for sustainable buildings
A sustainable (or green) building rating system takes into account environmental and other impacts of building design, construction and operation. According to Fowler and Rauch (2006) , a sustainable building rating system is defined as a tool that examines the Among current tools, building information models provide a repository of information that are available for sustainable building assessments; however, "not all information is directly accessible within a BIM model itself; therefore, data needs to be exported to another application or imported from a external data source" (Krygiel and Bradley 2008) . Current research using commercial BIM and LEED requirements have demonstrated the feasibility for semi-automated evaluation (AlWaer et al. 2008 , Barnes and Castro-Lacouture 2009 , Krishnamurti et al. 2010 , Biswas et al. 2012 . In these studies, additional information which are required for sustainability evaluation are added either by linking to external databases, or by augmenting the model using the capabilities of the BIM software to store additional information.
There are increasingly more projects being registered for LEED certification (Parr and Zaretsky 2010) . In response, the US Green Building Council has released a 'LEED automation' tool, which manages and standardizes documents for view and submission (USGBC 2010). However, there is still a need for tools, for use by designers and others, which takes into consideration building information in conjunction with sustainability requirements whether for pre-certification assessment or for managing building operations. Sustainability assessments are evaluated by using a number of 'measures' both qualitative and quantitative. Quantitative measures are easier to encode. Qualitative criteria of assessments are harder to do so as they are subject to evaluation from unbiased third parties (Nguyen et al. 2010) . Methods to reach quantification of measures vary from one rating system to another. Fowler and Rauch (2006) evaluated five sustainable building rating systems from a selected group that were considered for use in US General Services Administration (GSA) projects. Keysar and Pearce (2007) compare rating systems according to the selection of decision support tools. (CASBEE 2012) ; in DGNB, the Deutsche Gesellschaft fur Nachalltiges Bauen, water use is accounted for in Ecological Quality (DGNB 2012) . Likewise, the assessment area Transport is accounted for as 'Alternate Transportation' under the LEED Sustainable Sites category, whereas in DGNB it is considered as 'Public Access' under the Socio-cultural and Functional Quality category. This shows the difficulty posed when trying to uniformly classify sustainability related information. 
METHODOLOGY
Sustainability Evaluation of Buildings using BIM
In order to illustrate pre-certification of a design according to a sustainability rating system, we selected an exemplar primary rating system and exemplar commercially available BIM software. The assumption here is that once a 'credit element' requirement is mapped to 'BIM elements' in the building information model, it can then be used in an assessment of the design. As the name implies, a credit element is an entity that is required for the evaluation of a certain sustainability credit, for scoring a point towards certification. A BIM element notionally refers to entities (objects or attributes) ordinarily contained in a typical building information model. Examples of BIM elements include walls, doors, and floors etc., which have attributes, for example, area, volume and so on. As an example, the LEED credit SS 2, Development Density, requires different types of community buildings around the building being designed; these are credit elements. Elements in the model that can represent 'community' buildings are BIM elements with appropriate attributes such as site area and building area.
For automated evaluation, to integrate requirements between a rating system and the building information model, a mapping between credit elements and BIM elements has to be established. However, not all required BIM elements are to be found in a building information model. There are two possibilities for specifying new BIM elements: firstly, the definition of existing BIM entities (objects) can be extended, or secondly, new BIM entities can be defined. This necessitates augmenting the building information model by identifying additional BIM elements with the possibility of accommodating the required data in external databases. Figure 1 illustrates a framework of information flow between the rating systems that are represented by assessment requirements, BIM elements found in major BIM tools (Eastman, Teicholz, et al. 2008) , performance data and external data. Data for assessing requirements comprise external data, performance data, BIM and building model related data. The entire list of assessment areas for each rating system is given in Table 1 . External data is often not a part of the model, but needs to be present for various assessments; examples include rainfall data, vegetation type and their evapotranspiration rates, water runoff coefficients for different ground cover types etc. Performance data are generated by specific tools, which are uniformly data oriented, objective and, mostly, adhere to formal standards and guidelines such as ISO, ASTM, or ASHRAE (Trusty 2000). The US Department of Energy's Office of Energy Efficiency and Renewable Energy maintains an extensive directory of building software for generating performance related data, namely, tools for evaluating energy efficiency, renewable energy, and sustainability in buildings (EERE 2011).
Additionally, there is model related or dependent data, which is inherently integral to and augments the data in the building information model. These include necessary BIM element attributes that are not currently in the model such as occupancy data, custom attributes such as material type, plumbing fixture flow rates, and so on. Table 1) Both performance and external data rely on quantitative and/or qualitative measures. Quantitative measures reflect numerical values for instance, annual energy use, water consumption, greenhouse gas emissions, volume of reused material and so on. Quantitative data can be measured, modelled or a combination of both (Todd and Fowler 2010) . On the other hand, qualitative measures employ comparative measurements such as the impact of ecological value (Nguyen et al. 2010) , or rely on user attestation that certain procedures have been followed. This process takes time and effort to input data, which vary in interpretation between different professionals (AlWaer et al. 2008) .
Organization of Information
We adopt a grounded theory approach to organizing rating information requirements. Grounded theory states that through an iterative process of data collection, analysis and interpretation, information can get grounded into context and thus lead to theory formation (Glaser and Strauss 1967) . For organization of informational requirements the building life cycle is considered generically-we adopt the naming classification by Gielingh (1988) who proposes a life cycle according to transition points. The periods between transitions, termed phases, are of greater interest. There are six phases: Feasibility, Design, Pre-Construction Planning, Construction, Operation & Management and Decommissioning. Temporal in nature, each phase suggests general components and activities that occur during that period of a building project. Figure 2 shows the organization of the sustainable building information. Subcategories comprise elements that are required for assessment by the rating system. Credit elements in the 'element' category are mapped to BIM elements in the chosen modelling software and also contain the other elements necessary for evaluation. Credit elements may correspond to real model elements/objects or their attributes. They may also correspond to quantities derivable by calculation from the real model elements in which case, we may consider the model element to be augmented with additional attributes to specify the BIM element. Credit elements may correspond to entities external to the modelling software, but associated with real model elements, for example, flow rates of a plumbing fixture element, or the shading diameter of a plant element. Again, we consider the real model object to be augmented to specify the BIM element. Lastly, the credit element may correspond to an entirely new BIM element or quantity that is not associated with any existing entity, for example, occupants with attributes such as occupants-working full-time or part-time, ground cover with all its attributes such ground cover type e.g., grass, shrub, paved etc.
FIGURE 3. Occurrences of elements from five rating systems
Primary testing of the element list was carried out to identify information that is readily available from a typical building information model-tests were carried out in Revit Architecture 2009® and subsequently in Revit Architecture 2010®. Figure 3 illustrate results on usability of the information in determining elements required for evaluation for five rating systems, namely, LEED 2.1, BREEAM, CASBEE, Green Star and Green Globes. The X axis shows the elements according to their numerical id in the framework, height of the Y axis indicates the number of times that particular element is referenced (used). The elements are classified as i) existing in the BIM; ii) can be extended; or iii) external elements and tables required for evaluation. The graph does not distinguish between qualitative or quantitative elements. Elements of greater interest are those used more often or are used by more than one rating credit.
The peak in the graph in Figure 3 corresponds to HVAC related elements in the framework. That is, elements numerically with the highest usage belong to HVAC systems. These elements are used in both energy and indoor air quality related sub-categories. Examples of quantitative measures include energy efficiency and the amount of green house gas emissions. Examples of qualitative measures relate to whether the systems are easy to maintain, replace, operate and monitor. Table 2 lists the next group of elements, which are referenced in among 6 to 8 instances. These are: area of vegetated roof, lighting power, luminance level, ventilation effectiveness, energy efficiency, use of captured rainwater, use of recycled waste water, quantity of rainwater and global warming potential of refrigerant. The next tier of elements includes those referenced between 3 to 5 times. The last tier corresponds to elements that are referenced specifically by a single rating system. 
Sustainability Information Framework Development
The sustainability information framework (SIF) is developed through analyzing an exhaustive list of data requirements from several rating systems. The information requirements are organized in, categories and subcategories for the rating systems and grouped by measures necessary for related sustainability evaluations. A representative list of categories and consequently subcategories have been developed through investigations of the different rating systems, mainly, for new construction commercial building types primarily focusing on requirements in the design phase. In its own right, the framework can be used as a decision-making matrix, "as seen in existing practice-based method that had been developed to assist a dialogue between design team members and their clients-first setting priorities and targets for sustainability and then assisting later reviews and progress reports" (Gething 2006 ). Note that Figure 4 also illustrates that the sustainability information framework may include other assessment data related to alternate transport, which is not used in evaluating SS 4.2. It also highlights the category under Green Star, where a similar sort of credit is evaluated. Table 3 shows actual data from a case study, in spreadsheet format. The first column holds the unique ID of the value retrieved or processed for use in other calculations. Type indicates the function to be called. Some values are retrieved directly, like the bicycle stand number, others like the name of professional need to be aggregated-these correspond to values residing in different places in the database. The Output column shows that values retrieved from the data structure. Note that the calculation in the row with id LEEDSS-F006, includes full time male occupant number (LEEDSS-F005); this number is obtained from the values shown in Table 4 . LEEDSS-F012 similarly calculates the same information for full time woman occupants, also obtained from pre-processed data. The extent of automating precertification depends on the availability of required information for assessments. 4 We began this research in 2007 when LEED 2.2 was the current rating system used in the US. Since then we have been working on updating the work to LEED 2009. 5 We presume that other BIM software produce very similar results (Wu and Issa 2010) 
PROTOTYPE DEVELOPMENT
Two prototypes were implemented.
Prototype 1
The first proof-of-concept prototype was developed to integrate data and calculations from the building information model with rating system requirements. The purpose is to assess the effectiveness of automated evaluation of rating system credits with a given building information model and to determine the extent to which the building information model needs to be augmented and supplemented. Our focus in developing the prototype is to explore how users might interact with the evaluation process. Information flow for the prototype is shown in Figure 5 .
FIGURE 5. Information flow in the prototype
The prototype is built as an external command application on top of Revit. The prototype employs a unidirectional approach using databases generated from the building information model, instead of creating new or modifying existing building elements through the Revit application-programming interface (API). To ensure that the mapping and query are seamlessly integrated, standards and building elements are organized in a database format, data management techniques and SQL commands are used to access information. However, SQL commands are internal to the prototype and are not accessible to the user. Therefore, changes, and updates are handled by internal functions. On the other hand, the database approach provides for an implementation, which is effective in data management.
The interface of the prototype has three main panels: navigation control on the left, main information display on the right, and status output at the bottom. See, for example, Figure 6 . An evaluation starts once the user has checked the prerequisite credits. For proof-of-concept we assume that the user ensures that all prerequisite requirements have been met. Next, the prototype retrieves and temporarily stores model information in a database in order to evaluate the credits for the currently selected rating standard, say, LEED as shown in the example illustrated in Figures 6 through 8. There are three types of evaluations performed by the prototype: i) using information directly from the model; ii) using information from the model with augmented BIM elements and external databases; and iii) using information from the model, external databases and simulation results. Figure 8 illustrates the situation where simulation results have to be provided. The simulation results are collected in a database prior to their use in an evaluation. The prototype aggregates the information from all sources, namely, the building information model, simulation results and the rating standard; the results are evaluated and updated to an internal data table. The evaluation result can be displayed in one of three different formats: as a table, as an image (graph) (see Figure 10) , and as an html file. These results provide users with the current status of the project.
Prototype 2
The second prototype follows the idea of accumulating information from a building information model, augmenting necessary data for assessment from the framework, and mapping LEED rules for query and assessments. The purpose of this prototype is to prepare submission ready templates for USGBC by the creation of a functional database that explicitly enables the mapping and update between rules, building elements and XML templates. Figure 11 shows the process of sharing information from a general BIM to fill LEED templates. For this prototype we exported Revit project data into IFC, and then converted it to a structured table (i.e., spreadsheet). For convenience, the Construction Operations Building Information Exchange (COBie) was chosen for this format (East 2011). COBie offers a structure that can be used, extended and augmented; moreover, semantically it provides lightweight access to IFC data.
FIGURE 11. Converting pre-assessments to LEED submission templates
To identify the data types required for LEED evaluation, we established a mapping between LEED queries, COBie elements and the corresponding XML templates. COBie data have been classified and identified as 'Direct', Direct with Aggregation', and 'Augmented.' Direct data exists in COBie and can be directly queried. Direct with Aggregation refers to data in COBie that is requires aggregation from one or multiple COBie sheets in order to satisfy a LEED query. Figure 12 illustrates both the original COBie derived from the IFC data and its augmented data model necessary to support LEED queries. The left side illustrates how information is provided through COBie. Its data begins with a listing of facilities (i.e. buildings or projects), each of which has floors, which within each are spaces, typically rooms in the interior and functional spaces in the exterior, such as "parking lot" or "patio seating." For spaces to perform as intended specific systems made up of components are required. The types of systems include: electrical, heating, ventilating and air conditioning (HVAC), potable water, wastewater, fire protection, intrusion detection and alarms and other systems. In COBie, there is at least one system for each facility. Components and types are specified during installation or build. evaluation. In this case it is necessary for the user to be aware that this particular element is queried and therefore requires it to be filled with appropriate information.
There is a difference in evaluating for rating credits (Prototype 1, Figure 6 ) versus explicitly and automatically filling submission templates (Prototype 2) with direct data, processed data, and augmented data. Augmented data by its very nature is a combination of additionally required project data and a list of documents. In LEED the submission of certain documents are required for evaluation. In this stage we use documents with unique identifiers to represent user inputs. The viewer allows the user to choose an example project for pre assessment, and save the selected templates that are filled. Figure 13 illustrates the filled templates for the LEED category, sustainable sites prerequisites and when the user chooses the LEED category, water efficiency, along with water credits 3.1 and 3.2. Currently the user interface is limited to selecting the project database file and the LEED templates to be filled. We envision more capabilities in the next version of the prototype where the model selected will be checked for completeness and default data sets can be used as placeholders in the model.
From Design to Pre-Certification using Building Information Modeling FIGURE 13. Converting pre-assessments to LEED submission templates LEED 2.1 From Design to Pre-Certification using Building Information Modeling
CASE STUDY
The first prototype determines how well the automated assessment process compares to assessment that is manually carried out. The second prototype assesses the effectiveness of the building information model for automated submissions. The two prototypes were tested on the same LEED Silver-certified building as a building case study.
The test case study building is a two-story, 11,000-square-foot structure located in Pittsburgh (Figure 14) and includes a skylight on the second floor for natural lighting and a 25-kilowatt solar cell array on its roof to help power the facility. Figure 15 Table 5 shows the credits achieved by the prototype. The prototype achieved 3 out of 6 credits in the Sustainable Sites category. The nature of the data, for example, direct data in the BIM, or from an external source is color-coded. Sustainable site credits relating to water are achieved using an external landscape database. However, there is a noticeable problem, which arises when determining whether the project has fulfilled the landscaping criteria requirements. To resolve the user needs to specify the different types of vegetated site area needed for automatic calculation. This is a feature lacking in the current Revit model. To bridge the gap, 'landscape zoning' could be used to divide the site into calculable gardening zones so that, by using the external landscape database, the evaluation can be automated. The prototype lacks the functionality to create and manage landscape cover; instead, we require the user to manually identify each gardening zone type in the prototype. Once these areas have been indicated, the application manager can send the request to the landscape database and process the required calculations.
RESULTS FOR PROTOTYPE 1
Sustainable Sites
Potential rainwater collection to reduce the need for potable water for irrigation purposes is calculated by using the Rational Method (2012). This is a method for predicting storm water runoff when a high accuracy runoff rate is not essential. This is currently userspecified-that is, surface types are manually defined. The current version of Revit does not support surface type objects, nor provide potential zoning capability. Area can be retrieved directly from the Revit document. Related coefficients from the runoff database are used to determine the comparison rate from a base case to the design case. Table 6 gives a summary of the credits achieved. In the case of water efficiency credit calculations, there is a need for information that is normally not found (even by default) in a building information model. These include properties such as flow rates; use numbers for plumbing fixtures, and plant specific information such as irrigation needs. Other information, for example, rainfall quantities, water harvesting systems, water treatment and storage systems can be supplemented form external sources. Although some of this information does not fall directly within the purview of the user, these are factors that have to be accounted for.
Water Efficiency
In this regard, it is interesting to note that, in practice, most LEED certified projects achieve water related credits as a strategy for attaining a minimum level of accreditation. For example, from a sample of LEED 2.1 Silver certified buildings in Pennsylvania, 88% of the buildings achieved credits for water use reduction, and 56% of the same set achieved 4 out of 5 possible credits. (USGBC 2011), however, this particular project did not go for the water credits due to high cost of efficient water fixtures at that time. For testing the prototype we added fixtures with required attributes to the model, and were able to automate evaluation of four water efficiency credits by combining information from the BIM.
Energy and Atmosphere
The credits evaluated in the Energy and Atmosphere category mostly require data supplied manually by the user and from (essentially, third party) performance simulation results. Most of the credits in the energy and atmosphere category belong to the third type of assessment performed by the prototype. This type of assessment uses information from the model, external databases and simulation results, which are formatted and stored in order to evaluate according to LEED requirements. This test case achieved 30% energy use reduction, which is equivalent to 5 credits. The prototype is able to automate the evaluation of seven out of the nine credits achieved by the test case.
Indoor Air Quality
A large number of the credits in this category require user input mainly to acknowledge that certain procedures have been taken such as carbon dioxide monitoring, construction indoor air quality management plan, and indoor chemical source control etc. We have categorized these credits as manual and are working on a process to appropriately handle them. Credits that can be computed are those that can be queried from material characteristics that have been augmented such as the amount of Volatile Organic Compounds (VOC) present in adhesives, paints and carpets. As a majority of the credits in this category require manual input, few could be automated at this juncture.
Materials and Resources
The Material and Resources category of LEED employs the most number of existing Revit objects. It also requires the most number of attribute extensions. The following parameters have to be extended in this category are 'reused', 'recycled' including 'post-consumer' and 'pre-consumer', 'local material' and 'manufacturer', 'distance of manufacture', 'distance of harvest', 'rapidly renewable', and 'certified wood'. These parameters have to be added to the whole set of materials used for assessment. In Revit materials have default attributes as existing and new. Walls have attributes to whether they are structural or interior. For evaluating for certified wood we needed to add that particular attribute to any use of wooden elements. In this category, the case study achieved six credits; our prototype automated four out of those six credits. Table 7 gives a summary of the credits achieved. 
Summary
Of the total 36 credits achieved for the test case using the traditional process, one third of those credits can be automated by the prototype from the following kinds of information: directly from the model, augmented parameters of existing Revit objects, external databases and simulation results, together with user input of options for certain credits. If the full extent of missing information is supplied, the prototype could evaluate potentially 70% of the credits. The remaining 30% of the credits relate to post design data, for example, data relating to commissioning, construction or monitoring.
In summary, the elements (and families) in Revit Architecture 2010 accommodate 11% of LEED NC 2.2 requirements. By extending existing Revit elements/families, an additional 56% of LEED requirements can be accommodated. For the remaining 33% of the credit requirements, the building information model has to be supplemented by external databases, references or information. We expect a similar finding for evaluating LEED 2009 requirements.
RESULTS AND SUMMARY FOR PROTOTYPE 2
Analysis of filling LEED NC 2.1 templates shows that, on average, 45% of the fill data is retrieved from the COBie model without augmentation, and the remaining 55% is retrieved from data that is added to COBie. Of the latter, 35% can be identified as attributes of the building elements. This includes data that has to be post processed from simulation results, for example, for energy and lighting. The remaining 20% mainly pertain to queries related to support documents that are required for submission.
One of the challenges of developing a framework for sustainability relates to its usability over evolving rating guidelines. Table 8 gives a comparison of data points required to fill LEED NC 2.1 and LEED 2009 for the Sustainable Site category. This same trend of requiring more detailed data is likewise seen in the other categories. The analysis on the data required for creating submission ready documents is based on the COBie model, current BIM to COBie translator, LEED NC 2.1 template requirements and information that was available from the case study. The analysis is subject to change with any new sustainable building rating system, for example, updating to LEED 2009 requires larger amounts of data as the submission templates are longer and require more detailed information from the model. Templates for LEED 2.1 SS 2 and LEED2009 SS 2 for the same case study are illustrated in Figure 16 for comparison. It should be noted that only a part of the LEED2009 SS 2 template is shown. As seen in the figure basic information such as the building area, property area, are required by both rating systems in order to explicitly show density calculations. Both require scaled site plans and other documents to be uploaded. However, the LEED2009 SS 2 template requires much more information to fill the template. The comparison of the two versions of LEED templates helps us to formulate the information requirements as rating systems evolve. It is important to our study and results as it allows us to demonstrate the flexibility and adaptability of the information structure and process for assessments. 
CONCLUSION
We have demonstrated an approach of using sustainability information to address some of the known factors by providing informed choices towards sustainable design within a software-based design environment. Two prototypes are described.
The first prototype integrates data requirements from rating systems requirement with data from a building information model, although the model had to be augmented with additional data. The focus of the prototype development originally was on providing feedback to users while working with commercial BIM software, and in identifying gaps in the BIM model rather than filling these gaps in the software. A user can work on the model, export the database and use the prototype. LEED rules are an integral part of the assessment engine; any change in the LEED rules had to be updated internally.
The second prototype focuses more on the functional database that enables LEED rules to be explicitly translated into a computable form, i.e. it can be easily updated as a module to accommodate rule changes without affecting the main parser. By following some instructions a user could translate LEED requirements into simple forms of addition, subtraction, division and multiplication and value comparison for assessing different credits. We assume that the model is sufficiently complete for assessment; if there is not enough information the templates remain empty. Updates can be accommodated by mapping changes in credit requirements and elements required for evaluation. Changes are updated in the LEED database and subsequently in the framework database. The process is presently performed manually. As for multiple rating systems applicability, the framework provides a general process for storing, supplementing and augmenting building information, mapping a wide range of elements required by a chosen rating system, and creating queries to assess the present information.
